A group of 76 consecutive human immunodeficiency virus (HIV)-positive patients with fever of unknown origin (n ‫؍‬ 52) or fever associated with pulmonary diseases was evaluated in order to assess the usefulness of PCR with peripheral blood in the diagnosis and follow-up of visceral leishmaniasis. We identified 10 cases of visceral leishmaniasis among the 52 patients with fever of unknown origin. At the time of diagnosis, all were parasitemic by PCR with peripheral blood. During follow-up, a progressive decline in parasitemia was observed under therapy, and all patients became PCR negative after a median of 5 weeks (range, 6 to 21 weeks). However, in eight of nine patients monitored for a median period of 88 weeks (range, 33 to 110 weeks), visceral leishmaniasis relapsed, with positive results by PCR with peripheral blood reappearing 1 to 2 weeks before the clinical onset of disease. Eight Leishmania infantum and two Leishmania donovani infections were identified by PCR-restriction fragment length polymorphism analysis. PCR with peripheral blood is a reliable method for diagnosis of visceral leishmaniasis in HIV-infected patients. During follow-up, it substantially reduces the need for traditional invasive tests to assess parasitological response, while a positive PCR result is predictive of clinical relapse.
Visceral leishmaniasis (VL) is increasingly reported in human immunodeficiency virus (HIV)-positive subjects living in the countries of the Mediterranean basin, especially Spain, Italy, and France, where over 90% of the published cases have been observed (1, 20) . The diagnosis of VL among HIV-positive patients is hampered by the lack of specific signs and symptoms, unreliable serology, and poor sensitivity of direct microscopic diagnosis (1, 8) . Furthermore, bone marrow aspirations and biopsies are invasive procedures, and in vitro parasite isolation is difficult and time-consuming. Recently, PCR with peripheral blood, bone marrow aspirates, and lymph node or spleen biopsy specimens of immunocompromised patients has proved to be more rapid, sensitive, and specific than the traditional diagnostic methods (5, 9, 11, 12, 15, 18) .
In the present study, VL has been diagnosed by means of microscopic demonstration of Leishmania in bone marrow and/ or the buffy coat from peripheral blood and/or by culture in blood-based medium (4) . We considered VL highly probable in patients without parasitological evidence of Leishmania but with suggestive clinical signs and symptoms and/or significantly positive indirect fluorescent-antibody test (IFAT) titers (Ն1:80).
Between January 1997 and August 1999, we enrolled 76 HIV-positive subjects (CD4 ϩ -cell counts, Յ200/l) with fever of unknown origin (FUO) (n ϭ 52) or fever associated with radiological evidence of pulmonary disease (PDs) (n ϭ 24) ( Table 1) . As an additional control group, peripheral blood samples from 143 healthy blood donors attending two different transfusion centers in Milan, Italy, were also included in the study. The DNA extracted from 300 l of EDTA-anticoagulated peripheral blood and bone marrow aspirate was assayed by means of a Leishmania-specific PCR. One microgram of extracted DNA was loaded into each PCR mixture.
A linearized plasmid (kindly provided by J. Eckert, Institute of Parasitology, University of Zurich, Zurich, Switzerland) containing the complete Leishmania infantum small-subunit (SSU) rRNA gene was used to assess PCR sensitivity. As PCR and PCR-restriction fragment length polymorphism (RFLP) analysis-positive controls, we used promastigotes of four Leishmania reference strains: L. infantum zymodeme MON1 (MHOM/ TN/IPT1), Leishmania donovani zymodeme MON2 (MHOM/ IN/80/DD8), Leishmania tropica zymodeme MON60 (MHOM/ SU/74/K27), and L. major zymodeme MON4 (MHOM/SU/73/ 5ASKH). The promastigote pellets were resuspended in 600 l of proteinase K (120 g/ml; Sigma, St. Louis, Mo.) digestion buffer (50 mM KCl, 10 mM Tris HCl [pH 8.0], 0.5% Tween 20, 0.5% Nonidet P-40 [all reagents were from Sigma]), and the mixture was incubated at 56°C overnight. After inactivation of the proteinase K at 95°C for 15 min, the crude lysate was centrifuged at 12,000 ϫ g for 5 min and 5 l of the supernatant was used in each PCR mixture.
The presence and integrity of human DNA in the extracted samples were assessed by amplifying a 252-bp fragment of the ␤-globin gene with the following primers: h␤3if (5Ј-CGGCTG TCATCACTTAGACCTC-3Ј) and h␤4ir (5Ј-CTTCATCCAC GTTCACCTTGC-3Ј). PCR for the SSU rRNA gene of Leishmania involved the use of the R223 and R333 set of primers, originally described by van Eys et al. (18) , which amplify a 359-bp fragment of the SSU rRNA genes of the different Leishmania taxa. PCRs were performed in a final volume of 100 l containing 1 g of template DNA (or 5 l of crude lysate), each primer at a concentration of 0.2 M, 200 M deoxynucleoside triphosphates, 2.5 U of AmpliTaq Gold DNA polymerase, 2 mM MgCl 2 , and 1ϫ PCR Buffer II (PerkinElmer). Cycling parameters were as follows: initial denaturation of 9 min at 94°C; 10 cycles at 94°C for 30 s and 60°C for 1 min, with a 1-s increment per cycle; 40 cycles of 10 s at 94°C, followed by 70 s at 60°C, with a 1-s increment per cycle; and a final 7 min of incubation at 72°C, which terminated the reaction. PCR products were visualized by UV-light exposure after standard agarose gel electrophoresis and ethidium bromide staining.
PCR sensitivity was assessed by the limiting dilution method and signal distribution analysis as described elsewhere and was five copies of each PCR target (i.e., Leishmania and human ␤-globin) (13; Z. Wang, and J. Spadoro, Abstr. 94th Gen. Meet. Am. Soc. Microbiol., abstr. D-256, p. 141, 1994).
In order to estimate the parasite burden in peripheral blood and bone marrow samples, six 10-fold serial dilutions of the extracted DNA were performed. Each dilution sample separately underwent amplification with human ␤-globin and Leishmania-specific primers (Fig. 1) .
The quantification results for the positive samples by the serial dilution PCR ( Fig. 1 and 2) were arbitrarily expressed as the number of Leishmania parasites per 5 ϫ 10 6 peripheral blood leukocytes, assuming that each parasite harbors 160 copies of the SSU rRNA gene (18) . Negative samples were considered to have less than 1 parasite per 150,000 leukocytes (i.e., 1 g of DNA extracted from peripheral blood).
Identification of the Leishmania to the species level was obtained by PCR-RFLP analysis of a Leishmania-specific nuclear repetitive genomic sequence as described by Minodier et al. (9) .
Leishmania stocks isolated in vitro were characterized by means of starch gel electrophoretic analysis of 15 isoenzymes (malate dehydrogenase [EC 1.1.1. The Leishmania-specific PCR was negative for the 24 samples of peripheral blood and 10 bone marrow aspirates obtained from the control subjects with PD and the 143 blood specimens from healthy blood donors. PCR was performed with 52 samples of peripheral blood and 31 bone marrow aspirates from the 52 patients with FUO.
Among the subjects with FUO, a definitive diagnosis of VL was obtained for nine subjects and a diagnosis of probable VL was obtained for 1 subject (patient 10) ( Table 2 ). This patient received anti-Leishmania treatment, and after 66 weeks he suffered a clinical relapse, during which Leishmania parasites could be microscopically demonstrated in the bone marrow.
PCR-RFLP analysis for Leishmania species identification was performed for all patients. A single 250-bp band suggestive of L. infantum infection was observed for eight subjects, while two bands of 180 and 70 bp, a characteristic pattern of L. donovani, were evident for two subjects (patients 1 and 2).
Four Leishmania stocks were obtained in culture, three of which underwent identification by isoenzyme analysis: two isolates were identified as L. infantum zymodeme MON1 (isolates 7 and 8) and one was identified as L. donovani zymodeme MON37 (isolate 2), thus confirming the identification obtained by the molecular technique, PCR-RFLP analysis.
All patients affected by VL received one of the following treatments at standard doses: meglumine antimoniate (four patients), liposomal amphotericin B (three patients), or amphotericin B desoxycholate (three patients).
A follow-up semiquantitative PCR with peripheral blood showed a progressive reduction in the circulating parasite burden while the patients were receiving therapy: 9 of the 10 patients were negative after 14 weeks, while 1 (patient 7) was negative after 21 weeks. Eight patients with HIV-VL coinfec- (Fig. 2) . During follow-up, 3 patients died a median of 21 weeks after the diagnosis of VL (range, 7 to 51 weeks): patient 3 died of pulmonary failure due to Pneumocystis carinii pneumonia, patient 5 died of disseminated Kaposi's sarcoma, and patient 9 died of pulmonary nonHodgkin's lymphoma. At the time of the diagnosis of VL, 5 of 10 patients (patients 1, 2, 6, 7, and 8) were receiving highly active antiretroviral therapy (HAART), but sustained suppression of HIV type 1 (HIV-1) replication (i.e., Յ500 copies of HIV RNA/ml) was present in only three patients. During follow-up, HAART was initiated in two patients (patients 4 and 9) and was changed in four patients (patients 1, 2, 6, and 8). VL relapsed in patients with virological suppression of HIV-1 replication (patients 1 and 2), as well as in those showing no virological response to HAART (patients 6, 7, and 8).
In all but one patient, CD4
ϩ -cell counts remained below the absolute value of 200/l. The only patient (patient 4) who remained relapse-free and who was uninterruptedly negative as determined by PCR with peripheral blood after 114 weeks of follow-up showed progressive immune reconstitution under HAART, as demonstrated by increasing CD4 T-cell counts (496/l after 94 weeks and 850/l at the last follow-up visit).
Previous studies of HIV-infected patients have demonstrated that the sensitivity of PCR for the diagnosis of VL ranges from 82 to 98% (3, 12, 14, 15) . Our findings confirm this sensitivity for individuals coinfected with HIV-1 and also provide further evidence that the altered immune response in patients with HIV-Leishmania coinfection not only is responsible for the persistence of parasites, despite a clinical response to specific therapy, but also favors blood dissemination, as documented by a positive result by PCR with peripheral blood (7, 10, 19) .
Furthermore, quantitation of parasitemia by PCR is extremely useful in monitoring treatment efficacy and predicting relapse. In this regard, our data are in agreement with and complement the findings of a recent study performed in France in which qualitative PCR with peripheral blood was used in the diagnosis and follow-up of VL in both immunosuppressed and immunocompetent patients (5) . Although all of our patients had a negative result by PCR with peripheral blood 6 to 21 weeks after completion of antileishmania treatment, all but one experienced a resurgence of parasitemia, and importantly, the increase in the parasite burden correlated with clinical disease relapse. From a pathogenic point of view, these results show that a parasitological cure is seldom achieved in HIVinfected patients with VL, even when a control bone marrow aspiration performed after the completion of treatment fails to reveal Leishmania amastigotes. best immunological response (a progressive increase in CD4 ϩ -lymphocyte counts to above 800/l), thus indirectly confirming the fact that the cytokines produced by specific subsets of CD4 ϩ cells play a prominent role in promoting protective immunity against parasitic infections.
Our preliminary results seem to indicate a good degree of correlation between the results of PCR-RFLP analysis and those of the traditional methods of species characterization. Although isoenzyme characterization was used only for three Leishmania strains, it confirmed the identification obtained by PCR-RFLP analysis. As expected on the basis of previous findings (1), VL was prevalently caused by L. infantum, the common agent of VL in the Mediterranean basin, but it is noteworthy that one patient was infected with L. donovani (zymodeme MON37), a species that is not considered endemic in the Mediterranean area. However, the presence of this species has recently been suspected in the Middle East (2, 16, 17) . Our patient had a long history of worldwide travel and drug addiction and may have acquired the infection during a trip to Turkey about 10 years before VL was diagnosed or as a result of mechanical transmission between intravenous drug users, as suspected in the case of a Portuguese patient with L. donovani infection (2).
In conclusion, PCR seems to be one of the most sensitive means of detecting Leishmania spp. among HIV-infected patients. The presence of a positive result by PCR with peripheral blood is always associated with clinical disease. This method could be used as an alternative, noninvasive method of screening individuals with suspected VL or as a tool for monitoring the efficacy of treatment and the appearance of relapse of subclinical disease. Finally, it allows rapid decision making in the diagnostic and therapeutic management of HIV-infected patients.
